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Extended Abstract
Introduction

Understanding and knowing the hydrological processes of a watershed is one of the fundamental principles in
ensuring the appropriate quantitative and qualitative management of surface and groundwater resources in a
catchment area. The changes in a watershed due to natural and human factors indicate physical changes and
artificial mismanagement of water resources. Understanding baseflow allows for identifying the potential and
dynamics of the groundwater system. In principle, the separation of base flow and quick flow is difficult to
distinguish from the measured discharge data in a river because the measured discharge in a river is a
combination of the two flow components. The separation of riverbed flow is essential for water resources
management and can significantly contribute to the calculation of water availability in the dry season (relatively
short discharge period). In addition, comparing different watersheds in terms of flow recession characteristics
can provide valuable information about storage and recharge properties in the watershed. The main objective of
this research is to estimate base flow using several hydrograph analysis techniques, as there has been neither
organized research on groundwater resources at the watershed level nor studies on different methods for
estimating the base flow contribution in these streams.

Materials and Methods

The current research includes estimating base flow from daily streamflow data using the flow duration curve
(FDC) technique, the web-based hydrograph analysis tool (WHAT), and the baseflow index (BFI+) program.
Using the FDC technique, the long-term annual average fraction of flow from the base flow is estimated after
obtaining the values of Q90 and Q50. The web-based hydrograph analysis tool includes three algorithms: the
local minimum algorithm, the one-parameter algorithm, and the two-parameter algorithm. The web-based
WHAT system provides an efficient tool for hydrologic model calibration and validation. Baseflow information
from the WHAT system can also play an important role in sustainable groundwater and surface water
management, including irrigation and industrial uses, and estimating pollutant loads from both baseflow and
direct runoff. The baseflow index program also uses the following algorithms: Fix Interval, Sliding Interval,
Local Minima, Lynne-Hollick, Chapman, One Parameter Algorithm, Two Parameter Algorithm, Exp. Weighted
Moving Average, Eckhardt, BFLOW, IHACRES, and Fure & Gupta. For this purpose, daily streamflow and
precipitation data were obtained from the Regional Water Organization of Lorestan Province. The time series of
data for streamflow and precipitation was selected from 2009 to 2019. Also, the processing of spatial data used
in this research was performed using ArcGIS software.

Results and Discussion

The results of the data analysis indicate that most of the automatic filter techniques used with assumed
parameters have overestimated the baseflow above the average compared to the FDC. Also, the FDC analysis
showed that the contribution of groundwater storage to streamflow was below average. In this study, the BFImax
value was set to 0.80 for alluvial streams and the filter parameter (o) was set to 0.995 for the Rahim Abad
stream. The BFI values for the Rahim Abad River are consistent and are estimated to be around 45% for the
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entire watershed. The results obtained from BFI+ showed that the calculated baseflow values for the one-
parameter and two-parameter algorithms, except for RDF-IHACRES, BF-BFLOW, BF-Chapman, and BF-
Furey, were higher than the mean flow. Also, the long-term base-to-flow ratio or BFI is equal to the ratio of
Q90/Q50. This ratio indicates the discharge of groundwater or other delayed sources to the stream flow. The
Q90/Q50 ratio has an annually varying decreasing and increasing trend for flow, indicating that the contribution
of groundwater to streamflow varies from year to year with decreasing and increasing changes. Finally, by
employing all methods, the range of groundwater contribution to Rahim Abad streamflow was obtained between
2 and 84 percent, and its average value was also determined to be 63 %.

Conclusion

Considering the average of all BFI values obtained from all methods with values less than the mean, an overall
average of 45% was obtained, which provided a better estimate for the entire watershed. In this regard, the
modified RDF methods (one-parameter and two-parameter algorithms), IHACRES, BF-BFLOW, BF-Chapman,
and BF-Furey were selected as the top algorithms for the entire watershed. Further studies are necessary for
future groundwater resource problems in the watershed. The interaction of groundwater and surface water and
pollution problems, water quality management of rivers, estimation of groundwater potential using other
techniques, and estimation of the contribution of groundwater under climate change are among those that can be
mentioned. Therefore, it is recommended that these factors be considered in future research for a more accurate
assessment and better management of water resources in the studied area. Also, studies should investigate the
role of watershed characteristics, such as soil properties and vegetation cover, as well as their impact on base
flow variations. The introduction of suitable methods of separation of daily flow in hydrological modeling,
regional analysis of minimum flows, and determination of base flow share can be used. It is hoped that the
output of this study will help the planning, development, and management of water resources in the Silakhor
watershed.

Keywords: Baseflow separation, Baseflow index, Lorestan Province, Streamflow hydrograph

Article Type: Research Article

Acknowledgment
The support of Lorestan University is acknowledged.

Conflicts of interest
The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data availability statement
All information and results are presented in the text of the article.

Authors’ contribution
Ali Haghizadeh: Supervision, visualization, conceptualization, methodology, manuscript editing, software; Leili
Ghasemi: Writing-original draft preparation, formal analysis and investigation, manuscript editing, resources.

*Corresponding Author, E-mail: alihaghi20@gmail.com

Citation: Haghizadeh, A., & Ghasemi, L. (2025). Using hydrograph analysis methods for base flow estimation (Case study:
Silakhor-Rahimabad Watershed). Water and Soil Management and Modelling, 5(1), 89-106.
doi: 10.22098/mmws.2024.14622.1422

Received: 08 February 2024, Received in revised form: 01 April 2024, Accepted: 01 April 2024, Published online: 21 March

2025
Water and Soil Management and Modeling, Year 2025, Vol. 5, No. 1, pp. 89-106

Publisher: University of Mohaghegh Ardabili © Author(s)



https://mmws.uma.ac.ir/?_action=article&au=39637&_au=Lila++Ghasemi&lang=en
https://mmws.uma.ac.ir/?_action=article&au=39637&_au=Lila++Ghasemi&lang=en
https://doi.org/10.22098/mmws.2024.14622.1422

%%% S g T o oo g g oo

SIF

TYAY-YOET K9yl bl

sl ol 390 S 3508l Jodd (s dg, 31 (650 %
(SUToe =y Mo &ils2g, 5wl B39 163590 Anllao)
ol S o o e

Ayl bl g3 b olKisly ¢ anbs olie 515D (gl sul pwdige 09,5 wliul !
Ayl bl o3 by oKl ¢ anb @olie 5150 (o)l ul awdige 09,5 (68> (ggmiily

SR
S50 ol 350l 839 3 Gl g orbo Jelse Ay & il 3l ooiij s S (il slaailing; Gl 5l ere S50 aite
ot w3 eyt |y B39y O (2 )3 (i ol ot rdye il sl (ol gilie (5ims Capie s g (Sojeb Sy Saimd s
o3litl b 4y ol 2590 ey cnl (ol Bam 08 Lol 1) o) o Bl (lgy g Jomdly (s B 09300 g iy ol S
{FDC) ol pols it (b, 5l oaliul b @lig) oy cslaodls Sl aly e rass Jold polo (tmgdy ol 3503l s g, (iz
olesle 5l sk 5 Gl (2 Bligy slaedls jglaie yren 4 .l Baseflow (BFI+) jasli &by o (WHAT) oy (tine 2900 Jubos 3]
8148 3l ol el gl 05 lks] YFRA B AYAA Lo 5l ik s by o> sl Wodls loj (g wtih il lian ) il (gMdato ]
FDC s «cnlyogde lod) (o5 FDC L auliio 13 1) Sl J1 5L a0l gl o028 (sl it b oolisiul )90 )S395 3ik (sl o,
Guul B0 S sy g ol canlia dblpusy B39, (sl BFI polie ls lis 5uke 51 58 |y aldgy by )3 (cwejp; o Bydd aoew
puxio 93 g yuiio SG) RDF 30s Mol (sl jigy il by p5Ske duglise I oolatwl b «oled jd g 0 03] (35S Mo yd FO 290
S5l al ol Sysln ey colie glapisysS Slsisas 5] 8555 S ¢l BF-Furey 5 BF-Chapman BF-BFLOW JHACRES

28" o3litl ayly OF gloliz (sl S W5g8 (slagstg) e Dlig) Jlel 2l L am sl Jls )3 Bliien odel Camsdy s 4 dg b 250

4;‘.: y] ua>Lw ‘45[# y] d)'LulJ.? ‘oL'.'w)J Ot'“‘" ‘OL.’.)? 39@5;’)1 :,_5.\¢.L§ dub)ls

Ry e goi

alihaghi20@gmail.com : Ssg Sl s (L5l Jghume™

Blogy jusol 859 160590 dalllas) wl by> 355l caa 35030 o cla yog, 5| (6o ste (VFF) b ool g ¢ o codlj > dlinl
NS ‘(\)[3 54.{[5} u/’w/u.lo; d)[w‘/.lo (.)MW) —)95)1:\,\»
d0i:10.22098/mmws.2024.14622.1422

VECE N Ll )b VEY VY s gyl SVFY AN 15550 )b VF YN el s gl

® @ Vo8 B A asmino o) oyl  0y9d NF-F o i SB g o Cu o g (g5l fto
@ - By © o)l Bazee olSiily 1k



https://doi.org/10.22098/mmws.2024.14622.1422

Vo6 A Ol V¥ Jlo (€ 5)lowd o€ 8,93 /S 9 Of Sy pyte 3 (5 5o 4y s [ sowold g 031 i ay

5% T(UKIH) st 53slyen e i, 5 (HYSEP)
Juomd il o Jop> amdee 8 Jaide 5eS ]y 4l ol
ol il lp T(RDF-E) oSt pld (39, b (22550
ilwlis 4 Nam et al. (2021) dwly cpl 0 De S50 4l
sdnlio S6)b (cladlygy clp by dasuie Julos g d9eic]
oS Sloj S 15,8 ol U ity Juw Juad Jgbo p o
iyl 4 Giags G Berhail (2022) el > .cdl il
39l Bien 5 dgei] (gilulis ol S8 by o 5 Sles
38dee (b)) il g caled Sy plipdl (SydJled Mo
wb ol ddhe bl obyy ddse @l (lwbxe g,
dalllas oyl dunlie iS3L Jbuowd ild o, ool Cauwdds
99y 90 o b oodal Cunddy b b mls & cul oo ol
R? > 077 L al sby polis 5 am3 o ohis (oobj caals
S5 Pk Sleee
duslio Mehri et al. (2018) o o)Sod o), jimoh
Ol S8 ) (S p o330 layild g onm i slais,
ool sy )l ] gladilag, ool al
b ipgwyre slagdyy pogdle ailjs; b ol S iagy
@l sl a3 plol 55 Sy Jiows gl laghs,
FB @l s o5 slagdyy & 39 cnl Sole Giegk
oS By bl laghy, g W8 (Jod
S ¢ e g SIS Glaghyy 5 olacydgice
obr 4o 9> @ gl (35 SSE lp (JiSKew A5l
Mg p Ggke €8 g Coma Ll b gl g @
4 & Wses ol Kazemi (2022)  cpinpd bl o
o g Wby &b pbp sl ceje alulid
o3lo Jsiie )odS 1> 13 5 00 drgi oS sl (slaoj
395 gime Sllle (S oly oyl iagh (IS s .l
by S edlizsl 3508 5 wlgly 5 e byl
9 ole Sl Bl S dag pas g S 5 Jyere
Zare Bidaki et al. «oles ;3 09 0j9> opl 4 oS ido}y

2 Hydrograph separation program
3 UK Institute of hydrology’s method
4 Recursive digital filtering with eckhardt filter technique

Aoddo —)
bysye slogille § (S5glg )b larn] B (gloJde g Copte
G Gl dlixe ble ) S Blus | (S dagl &
kS Jolse 1 S laailsag, (Momeheh, 2022) 39, o jlodds
Col (S5g0em 42 30 9 e) SuiPsdsess slasl
ol w5l S ab oL > (Bayatvarkshi et al., 2024)
Ol ol bl ores o sl (o &Y ) Jol
ob > (Eckhardt, 2005; Indarto et al., 2017) »)ls 4k,
bbb shug) 5l alhagy 3 gl bads )3 (core (A8 4k

Ratnasari et al., 2015; Smakhtin, ) 5> (sany o)L sl
HJB (23 slaodly @y by 5wl Ol silele (2001
JE (23 1n) gdie plxl (Suwd Abdg) ) (gSojll
Silwlis ol by s3> 90 5l Sy Aoy 4o (g pSojlul
lgiigo g sl (£y9p0 Ol alio S pde 5> a9 i Gl
b > ol g pojed 0 dlme & a2g B jgbou
Smakhtin, 2001; ) xS oS (6bsS L 4155 8y90) S
Skl bl ple (Rimmer and Hartmann, 2014
P el sbhow jIocbls 4 cua ab obe
Sl peds Ao g0 bgye by, lapBlupy:
AS o (SN bailiagy oS sla bl gyl g od; Slgrge
» (Smakhtin, 2001; Rimmer and Hartmann, 2014)
Sl cbedlis s 4 balisg, (il pl jeiS sblis yiiy
Sy sl Ll cslades oy ol Jslaw cals wb
4ps ) ey JB Olus ord g @las Slas
(Naderi et al., 2023) slos
Jlyear S s | sy ol sseicl (isy Jbos
Cal 0 plonl il ), jime Ly adsl (o)l il
Boussinesg, 1904; Hall, 1968; Linsley et al., 1982;)

Tallaksen, 1995; Gonzales et al., 2009; Yang et al.,
Shao et al. (2020) <yl pesMe .(2021; Bayou et al., 2021

A la oy den Il by 85 (cilube by, cpas
P2 ok ilal ol @ille @y, (RDF) iS5l Sl
)] 3y B4 oy 2y Jlos Hailiutu &5, 0] 850>
sgei] (sl deby Jals 50,8 ild (ol gy & izl

1 Recursive digital filtering



ay

e G 390300 o (glasdg, 5 (5 50 e

b 3l cbe AL ol Gl ol Jiags sl
ol B 53 b, (n yicalio QL Cilises (slagit oS!
sl bl = yo3 Mo

i) 9 2lge ¥

& Wiho adlaie -Y-9

2 e bj slojsuln; jl ablee )M jsul bjp
550l 85 ool Colus .l plis)) bl gy (g
iy ddlale )d gl deS g Al (@ipeyioghS A39/4Y
Seif et ) conl 1o Y0 ()] lawgio b ¢ yio VFVD 4 YEVF
Yo bl 590 K (b 4Vl Su)b ke .(al,, 2021
Ao WWIN AVl sl buwgio o o YVA/Y allo
oy ylogd (sdidids wlol p ddlaie (pin s (sl 25 5l
il Cusdge V JSS o (Seif et al., 2021) cul w50
ol 0dds 03y i Slellas dilais

Uy J al ol ilele slagis) dulie « (2019)
SSE hmgh ol 50 A3y 39590 Sul Bjg> ) sk
O b gl gl 5o aBly 59,93 ji5ul B 0wl O
9 .)9)@? 50.))4.“{1 ‘)95)4:\:‘.0 ‘.)9)9.3 O).b.}. 5Q9JL!3 @L’Juaﬁ 339.}.700
e gbs PART (cla gy | oolaiwl b 5 datw olpw
(Eckhardt) yzel)l g5 4 (Lyne-Hollick) ol S, (235 5
Ol bt s plool /A 5 +/AVD /A0 /A0 byl L
Oike Olesas +/AVE lé L Lyne-Hollick g, a5 ob
)w] 3)9> 2 W ul.s|9) )‘ 4.)1.» u] d)lwlb LS‘)’ 0»9)
sl D559 0455
s slel s 5 dawlde I oolawl b yimghy cludl )
Ol SSE Sy canlie b9y (Brme 4 (5 UsS slab,
Sygo e )M sl Sie > dmed (el
odd Jols 5y Gimogy (il )3 y55de o bgy (olod 4 48y

Gun di) sl 005 461 byl ol 53 (Mo &S ol b 03l

Legend 036 12 18 24
e e e K
s Outlet
—— River
Study Area

0 125250 500 750 1000

e e e K1

(Seifetal., 2021) Jlalllao Adkuio Ul yis Cordge - JSW
Figure 1- Geographical location of the study area (a), precipitation map (b), and evaporation map of the study area (c) (Seif et al., 2021)

G S8 9 o G bl L Bradles s
Cal 0 jganxe 39)53 JuS 5 ()l it jpo (SliwdsS
Slpohe (e0d slbalEoly s (Sharafi et al., 2020)
Qg b aS odg wy g Gl il sladwle dyeslSiS

Colbus leals LSW» ‘) d‘°3ﬁ$ L;LQJSWJ wa.éya 9 ‘_5).‘9

295w Cid S giST g (ol o V-
IS e 5 o )S15 BNl med )68 s Al Hed D D
bl ol o 1 e sl S5 lyieds 2992

29 0055 Shol Cunl i 939590 JuS 93 (g0 50 (B pdigi



"‘l UA* Olodo ‘\i"“ le ‘i D)Lwﬁ 6i b),b /Jlégui Clq.ﬂ..\os 6}WJM Qyw.’ /w@sbb'}tfab *i

o b e olohd dlalag, clacd ] wusy oyl
P g 45,5 aihie clely)l 4 cundYl p cudd oyl
L aS dgid o e odd D5 STy cleld)) & cusa ol
SIPshges JSBl clels)l nl b Shy 4 w2y
aia Y JSs > ((Sharafi et al., 2020) 390 o0 033 (Jglite
)| adlland,go dilaio ajps Of Sl g (wlidomes byl

Cw) 045

aw > JuS 5Slas Bl 3 sl jio Yo dgds ol bawgie
b (S oS atle (SgiSSgdyge walpd (lgice >
bagyz 28) 9 bygaleds e (il U jio Lo L jusie £ld5)|
&t ibio ol ol e clacs ol g saalie |
WS g9 g Sl Sl 5 S (I ogw) HSl
5 i slawle U glawle &S Olgw, .ditud cglits
by oS Aiwd Obowy ol glgl 5 clalBag, slacs

Lb.!9) u:)).a.mf J.J.)d,; Llods M 43[5.)5) ).uw\) 9 )?M.«:

Precipitation Groundwater level
— 1030 mm oy 1603 m
W 308 mm B 191 m

Geology

= Radiolarity Collection =2 Hornfels Schist

m Alluvium = Lime graben unit

== Oolitic lime == Bakhtiari Conglomerate
== Slate "% Granodiorite

== Shale and phyllite sandstone ™4 Granite
= Metamorphic volcanics and tuffs

0255 10 15 20
™ ™

(Seif etal., 2021) Jlalllae dibais (&) (owlinice 9 () (0jp25 T 315 dAT) (0, At -Y JSLa
Figure 2- Precipitation map (a), groundwater level (b) Geology (c) of the study area (Seif et al., 2021)



0

e G 390300 o (glasdg, 5 (5 50 e

slbass g yaa b YWAA JL» )‘I u»)b 3 ub)> e L;l).g
b ss (e 5l g Ju 5l alols ol ipme; sk
Sy shged bbby ArcGIS10  liblsy 5l eslawl

ol odds Y S > il gl

53U 3,90 sod> -Y-Y
ol (gladlaie O <83 5l o)k 5 gl 2 leedh
oK) > &iljgy (0 slroaly diwly (ol jo b il liwy)

Lodly Sloj (s lodds d)}ié"? 5 g pSojlul Wu]

Oleb! d)?ié"?

s

al39, o)l ail59, o> (o

ArcGIS 41381045 13 S slaodld (ijld

[ b ol gilwlaa gy by,

~N

«— 9 5

~
[ Baseflow (BFI+) } [ WHAT }[ Baseflow (RDF) ol pglad Socie

(FDC)
J

—

il & Comndd Sl 1 03Luw! U ol g, 5!

oigl el (2 loged Y USS
Figure 3- Flow chart of the research

sl 0 iy 5 095 Sy J3b )3 (e jlido S, 5l 5 ke
Pl ol (SSidgytn SleMbl e opl ad o olis
libimes 9 RS i dm g O b dlex Sl by 390
OleMbl 51 gyl 2> o iled daly (S8 did S jo

03wl 3,90 (S0 g dgai] —Y-£

LSS S e S (FDC) gl oles oo e
lg. )J‘)J XN ULP oS l) L;’L‘:) Aoy &S cwl J«bo 9

1 Flow duration curve



Vo6 A Ol V¥ Jlo (€ 5)lowd o€ 8,93 /S 9 Of Sy pyte 3 (5 5o 4y s [ sowold g 031 i 1

Chapman .cul sboj dbyet g cusl 0+ b plp P v s
oy 390 (V) dlasly & ygods |y RDF 25,651 oyi0gd (1999)
4l p oo yio cows p paiians Sllg) DR ol 55 oS ol )38
lde 0wl 4l caSoyie o p by (20 Q Ll
ol (gloj Aot g cuol +/A00 b +/AVA I sild el )l
DR, === DR + ;—(Q; — aQ:—1) (¥)
4 s (gly o5 (Eckhardt, 2005) o )sT 3,55,
aly Wby, ol il HSoml Jhoms Syl
2y ©ygo Slgie il 4Bl drwg b ol ol

Do ke
@BF_y + (1 = BFlmay) + (1 = 0BFlnan@c ()
1— BFI,,
Wil caSepe cawny al by BFE M Ay

BF, =

alBogy by (2 @l b esls jaie Sl BFImMax
BFE=Q &b tolej o )3 yld yiell 00 g 4l p caojio s
(Eckhardt, 2005) <,lkS1 3,8 sl SSS (sl puiio 93
o el 3 85 (51 ) € 355 S (1) il 5 3390
BB oS BFIMaX (V) 9o oy bys dgeic] opedd 35
dg 593 Slagbyy @l ell p g ol Cans (603l
Gy ly Jgeme BFIMaX jliés 4w (Eckhardt, 2005) < leST .l
S8 By Sidorkd 5 (S e Cladas
ooy b dluss o oy BFIMax= 0.80 3l usjle
cod i3 ook oy BFIMax= 050 s
b dlods oy <lp BFIMax= 0.25 § pidss (cla ol
s 0.80 b BFIMAX  adllas ol )3 coeus Koo (sloo s
SS5 5] oslizd | (Eckhardt, 2005) s odlizl as] ypess

Fom ab cb o el AVl (Sile yus” FDC
35915 FDC L (8) dlaly JUasl 3 Q50 4 Q90 oo 13,90 s
Al-Faraj and Furat, 2014: Mohammed and) s4é .
s leisdy 0=0.925 85 a5 5 b ¢ o (SCholZ, 2018
ly il &l3gy by plol o (Arnold and Allen, 1999) 4/l
Q90/Q50 s Joleo BFI &8 Jloj b ot calieo (gl yuiiio ydlin
Slj o Ba)sS) 2p9e pdr wad jld a Jlsl oy
Llys BRI @aedih buwgio 3l 39l o cauwsay |, baseflow
o 3l (glime 4y 5V BFI o amd o ot ) (Sojglga nen

Sl (flaoySd ey sleejie I gt

Bayou ) uS' e Jite )] pS mrenad 4 ) oz (o599,
woors® Sl Ubey 3 sope b olge |, FDC (et al., 2021
S osss opl sl WS Alols (g, b IS 550 (b,
L aligy by oy 51 FDC .us odlaiwl S 5y90 o9,
1) WebUIl sy Cansbgo Gl slaoywess ) oolizl

ol 00

_ m
P=1000—7 ()

Fote byl @28 STy Jlial o)y P L daly
JS ol n ey 5y50 B0l ) Bylous M g asuine 83D
CaolrdyeS

Cod oS Cal Jawgio by aad i Q50 (IS sba
Mohammed and ) 5,15 )18 45 b 3b;j Hbaw sbacbys b
ot J| (g3 B 5L QO0/Q50 capes (Scholz, 2018
Lott and Stewart, ) cuol by ;5 olosul (uejpj 8psd
Lk ok s Shy 0w ulx ol BFI (2016
S b yio oy BFI (o)l so 5,5 solil juol (cloojon
S Gl IV B N0 Slgs e as il o S ey ]
I Bl 130 5 G Slgie o pdilideis sl b0
WAl e pddeds s5ul (slaoje>

Sy S oridshse (RDF) assil Jloms s
RDF 53 .ol ueins bl 5 &b ol 4 e sslolie
zl sleen Sl o Eckhardt Jols a5 5)ls 5gng 3gyme
Caws Gl e3ls (Chapman, 1999) sl o ool
odlil b Jloms (gloyild sl by & 4l ol csenidly
hoab ol gyl polie dljg, gl sl
b Jbowy sloyild den 068 0 (ouwly 5 00y duls
=) ol 39 i) Jsl 595 sel)ly yelie 3 by iy 51 orlatu
5 &lj5) by soald 1 eolail b ol duslxe ool 4 (1
wiysl g0 duwle |y al by odd oy BFIMax
Nathan and McMahon, ) lwg K26  uiS;L ls
1S oo dlis 315 g0y |y i Ulg, (1990
DR, = aDR¢_; + B(1 + o) (Q; — Q¢-1) (v)

2 eSe Yo sy e Ollgy) DR YL iy )
4l caSoyie cmnp by (05 Q Ll (M¥s) asl

Gl a5 gl laicds <AV L ply il j2el)l ol



ay

e G 390300 o (glasdg, 5 (5 50 e

S ab by oledbl e o &l (Sideyun Jio lael
g o Bylas 5 ()ll dlex Sl (xaw ool g e
43l paitue SUlg) 5 4l ol 93 o 3l oat VT )l (a5
Iy lmo.\:.;}” 5l ke b6 Jlade u.Lo‘ ol Sl ‘Q;"l)ghg Al
e Soged (pyie gl WS Jie ol
alobs oyl .28 ool ossy Yl O dlnd (6 S g yidlS
&g ale Jlye ssbax & w30 Ui GIS 0y p (e

g e gidoly 5l eolatul b co ol gyl 51y 590 ol 5l end
CsliS STyl 4

Colwosg 31 YV 81 YO« HydroOffice (BFI+)
Gregor (2010) lews od bl (http://hydrooffice.org)
os oyl & WS e doul |y jead ) sl o pians 4B
S L sgeicl g ol Sl 1) ol pbye Al e & At
2419510 33 (WHAT) Gy 1 (izse dgainsl oo I3 (F JS3)
" (hitp://engineering.purdue.edu/~what) colweg 51 ¥+
WHAT &by 5 555 48l axwgs Lim and et al. (2005) lawgs
Ssin 9 Sloghd g e S e Ji (g dw ol
Sl & e Wlgiee el Sl al cba e silube
S5 5l S 1y sk zuls WHAT b s 398 ols >  Sinlanb

A2 o &l dads

[ Sloj G bl Losls g 5lwadlel ]

v

[ 331 05 4 odld 39,9 ]

v

b Of oo (515 5133 90 w5 O

p
&l aly Of amle

Sy G J5

N
@ b of amloo

¥l Oy

BFI+3.0 dliy gl ylagei € JSU&
Figure 4- Flow chart of BFI+ 3.0 program

(Bayou et al., 2021) BFI+ 3.0 &by 5 oS ;U JUuomd yilad sl pigy - Jgu
Table 1- Recursive digital filter methods in BFI+ 3.0 program (Bayou et al., 2021)

& A syl A ol
k 1-k c
Chapman and Maxwell (1999) BFy = 5 BFey +5— Qs oyl o oysSl
k C . . <
BOUghtOn (1993) BFt = m BFt_1 + 1+—CQt °)“°‘)l‘i 9 W")?i”

Jakeman and Hornberger (1993)

k C
BF, = EBFt—l +— (Qc¢ + aqQ¢_1)

oyiel)ly 4w )95l

e IHACRES
Lyne and Hollick (1979); Nathan and McMahon « Sgn g o pi el
y ( ) DR; = aDR; + % Q¢ — Q1) 7 5 0 s
(1990) (BFLOW)
Chapman (1991); Mau and Winter (1997) DR, = Z="DR,_; + 77 (Q: — aQ:1) il winysS)
Furey and Gupta (2003) BFy= (1~ V)BF s +vg (Qua-t —BFia) bysS 5 )98 2L
Tularam and Ilahee (2008) BF, = aQ; + (1 — «)BF,_, EWMA ;s
BF,_, + (1 — BFl) + (1 — @)BFl,, B
Eckhardt (2005) pr, = Bt max) + (17 DBFlnan Qe 3,145 55

1 — BFl gy




Y+ UA& Olodo NEY Juci D)Loo;s & b)gb/dugyia‘gﬂ.&osd)’WJM dg,ww/w@gbbl)&?sé

A

ook el 3 sl sl B3 (3PS50 g ewlidime;
wlitl g als e Lgy SOl Q90/Q50 s
5 ealS Sl sl a5 sy ol ly 4Vl
@l peloly ol Jlo 4 Jlo o o pges o33
polls poue edld clasie Kazemi (2022) jiaoh
g dlazel BB juiie lyiedr coeddl gble olod 1o gl

A b by asls 5aS o e

cou g b -

(FDC) 2 plojee (godia —¥-)

&y 1Y b )y QI0/Q50 cas FDC uloss ol
oS ol L sl el Cannda SLleusy s3] Bj0 by
(B JS5) amoce JS 1y gl 5l a0 )3 93 (o5 ]
Cawd bl BFEL pb 4 4l by csesly cons
b i) o zoys BB LE Coms ol Cusl QI0/Q50
aisleo Sdgydn sbrojlo ol gl 4 b mle pbo
Wlgs o (So39ey0un (535051l (laolSim] CuwdYl > o

e
4 V€
k)
IR
?
,1 Yoo
1.
%
‘i' 1
£
Yo
O M OO ANL O AT~ OM ODDANL O AN OMOOAODANL O AT OMOD
A A A NN NOMOOOMOTSTTITOWOO O OO ONNMNMNIMNOGDODMOWMO OO O
395 @a oy
YordVedq Sloj gpmw &1y dblpun s a5l 395 S (S0 5105) (gao3IA FDC -0 JSUd
Figure 5- FDC of the measured data of Rahimabad watershed for the time series of 2009-2019
"l
— 2009
V€ — 2010
2011
BRI L
— 2012
k)
> Voo ———2013
i 2014
x{ A
—2015
i 1 ——2016
‘. — 2017
— 2018
v ——2019

21
24
27
30
33

N 1N O = < NO MmO O N
¢ T TN NN O O OV ON

Nn 0 =« g N O MM O N
N N 0 0 00 O O O &

39l pas aoyd

Gliseo s 1y dblow y s8] 39 Buwd (5505101 (se3ls FDC -7 JSd
Figure 6- FDC measured data of Rahimabad watershed for different years



a4

e G 390300 o (glasdg, 5 (5 50 e

SudlS duslie ¥V SS o b eolasil 51{1&?} ol iy
YV USS o &S 668 les sl ond 1)) gy dw b 3 Sles
5 osel Cundty Lbol Lasls Lwluly 5 34 0 sanli
Foia 9 ) J5 ol (o BT Al gl by aw
PG Om ol 3wl oad LS Al cbe @ ol e
oyially o Jizwd pld @ bgrje (50035 Bl 0l Gliee

D9 SF b & ) dw bl 639l

WHAT jl ool b sl b o g3lolas -Y-Y
al by gilele 4 WHAT 15565 Jiows s
Ly ooly g opdy oo |y laodly JS LSS il ol 0,8 S8
Jlomd s lpl WS Jdo gy 4w pp ) eolil
Al b ol @y glodiS bty WHAT i35
o) syelyl 90 Jlous jild jl eolatul b cse sYebo gy
L ply BFIMax jlude .cé)s )18 eolatwl 5y50 (BFIMax

A0 byl (o) b eite g Bl clplp gl /A

Qe
o5 5L Sl il 8yl yb SO Jluod il oo JBlas g,
A+
KN v
o
Re] |
o T
¥ |
{ X3
:
\§ =
x e
2 i \
3: Yo 3 |
\ ’
I .Y » ‘ ;:J'J ‘ l,xJ' l'
\ " | : I\ " L
J - b s | Y ol Wi ] ¢ /,Jlf ) J
. s e gL { Jaaall’ ¥ J \i‘ =i ) _/ -
D DNDNNOOCOOHAAANNNNMNMNMMNNTIIIVMMNINOOOORNRNNRNNNRDND A O
(=== = R B e e I = I = I = I = = = I = I = I = I = I = I =B = I =1 =1 = I = I = IR =2 =1 = B = =1 =2 = B =1 = I = I = I = I =1 =1 = I = I = I =
S 0000000000000 00000000000O00000O000O0OO0OO0O00O0OO0O0 o
AN NA NN NN NANNNNANNNNNN NN
NGO ARNONTHANLSS NS O AdfdocANumMoANMAa-dMMaNS SO M
A NS A NNNNN g TN MmO I IdANNNN IS T NANA
SHENOHIENH A NBOaANI =« GCANMOAN® NS ddNO
- - - - - - - -

=
£
c
=
“~

WHAT ,55¢58 JUuowd yikd 150 1 oaliiw! b asly O g 5lwlan —¥ S0
Figure 7- Aquifer separation using the WHAT automated digital filter tool

9 oof o0 L )gl).g Y RYAMS 9 Gupta 9 Furey W”)?iﬂ P
(¥ Jsia 5 A JS5) el +/A L i), BFImax
HydroOffice (BFI+) 4.l local minimum g, ;>
S o s 3 ol +1 (1) 0 s e 2 ol
L oaSTas e ¢ local minimum lgcas Jolas LT oS
s e bl N Jlgie slaojgs )3 il plyy Sl
&byl Ny /ALl T o8t palie s b ol
ol Gregor (2010) ;65,5 wole 8,5 1,8 odlatwl 550
a0 G N el Sy a0 s b ol 35030l & 58
plod (38 B cwl g plus T alae dads yiie oy
o Moy ol 4 i ol whes olie Aol da g,
EY L plp s ol JlEe (ke g del Cawdts o)d AY b5 g

(¥ Jgia) 1 s o>

RDF jl ool b sl b s> (g3lwlas —Y-¥
L1y oleSs codls 65,8 oske Lauwgs &bl axwss RDF
b ooy cnl ) S oo oS (sbgy 033k plos 5l eolil
Jab ol gileba @ RDF I 39y 03k 5l eslazl
OO Gl b gglale fpen 4y b sy &by, oL
el Candds ol g s Iysl Jao o9y o (cly yikd (cla e
LU by polie a5 o lis BFI+ I sdel cundas gl
2oyl 93 g oyl S slapn sl sl (Sllee
BF- s BF-Chapman BF-BFLOW RDF-IHACRES
352 o xSl ) YL Furey

»lp N sliding interval 4 fixed interval g, lp
e /¥ ply K SuSis coll RDF s .l jg, Y-
C2 3CL1+/A00 L ply C Jlade +/200 plp o loa b p2lé



Yoo

R

5

/w@gbbl

7200 9 (53l 4 pald

ol ey

Vol B AR Olrio VoY Sl o€ 0 loud £ 0,95 /S 4

ok S 4b gl

- - 4 4 R4 - R 4 4 R4
< F W r o < 5 W
€7 L0 (exfngen € )
3
Re}
=l
\v.
Y
3
Re)
<  + < 5 W >

6T0C6T L
6T0C'SC’T
810C°¢'8
810¢'6'¢
L102°8T'8
L10¢'vee
9102'C'6
910C'1T'€
G102'8T'6
§10C°LC’E
¥102°€°0T
Y101y
€102'8T°0T
€102'9¢'Y
¢10¢CTl
¢10CTT'S
T10C'8T'TT
1102°L2'S
010c€CT
0T0C'TT'9
600¢'8T¢T
6002929
600C°C'T

6T0CCT'L
6T0C0T'T
810C°1T'L
810¢'6'T
L102°0T'L
L10¢°8'T
9T0C'6'L
910287
G10C6°L
§G102°LT
¥102'8°L
10297
€10¢’L’L
€10C'ST
¢102'9'L
¢102'S'T
T10C'9°L
T10¢v'T
010C'S’L
0T0C€T
600C'v'L
600¢°C'T

(395) ol
2) BF-Eckhardt

(590) ol

1) BF-Bflow

610C°6°L
810T°6C°CT
810¢2°0Z°9
L10T°0T°CT
L10T°T'9
910C°TZ’TT
9T0C'ET'S
STOC'E'TT
ST0T°ST'Y
v10T°ST'0T
Y1079’y
€102°9C°6
€T02°8T°€E
10TL'e
2107°8C°C
T102°0C°8
T10C°6'C
01T0C'T'8
010Z°1C’T
600C°€ET'L
600C°C'T

6102°8T'9
810C°6C°'TT
810C°¢T’S
LTOT'ET'OT
LT0T'S'Y
9102°9T°6
9102'8T°C
STOT'TIT'8
ST0T°CC'T
v102°s’L
€T0C°9T°¢CT
€T02°6C°S
<102°6°1T
oy
TT0T°7'0T
TT0T°LT'E
0102'8T'8
0T0Z'8°C
6002°CT°L

600C°C'T

(590) ol

4) BF-EWMA

e
3
o)
—
S
ay
)
-

3) BFI Fixed interval method

6102612
610C'G¢'T
810C'€'8
8T0C'6'C
1102818
LT0C'vC’C
9102¢'¢’6
9T0C'TTE
G102'81'6
§10C'L2€
¥102°€°0T
Y102 TTY
€102¢'8T°0T
€10C°9¢'y
¢r0CC Tl
¢10C'TT'S
TT0C'8T'TT
T102'L2'S
0T0CceetT
0T02'TT'9
6002°8T'¢T
6002'9¢'9
600CCT

—abobe

(595) Olej

ok S

VA«

6102'8T°9
8102°62'TT
8102°2T's
£10T°€7°01
£10T's'y
910Z'9T'6
9102'82°2
ST0ZTIT8 -~
szt 5
vIoTSL
g10z'9T°2T oD
£102°62'S
ZI0T'6'TT
oz y
110701
110z'LTE
0102'87'8
0107'8'2
6002°2Z'L
6002°T'T

6) BFI local min

5) RDF- Champman Algorithm

2 Silwlas -A JSS

ot

5395 RDF (gl yig, (olod 31 o3l b ((siloj (6 pow) 4y

Figure 8- Separation of the base stream (time series) using all automated RDF methods
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Table 2- Summary of the used variables and BFI values obtained from all groundwater separation methods

BFI ,laso odlwl 3,90 (5 puiio 5900 (g3lwlan g, 5 lowd
0.20 Q90/Q50 FDC 1
0.76 f=09,N=5 WH-Locmin
0.77 a=0.995 WH-One para WHAT 2
0.71 BFImax =0.8, C =0.995 WH-Two para
0.84 f=09,N=5 BF-Locmin
0.80 N =30 BF-fixed
0.84 N =30 BF-Sliding
0.48 k=04 BF-One para
0.60 k=0.4,C=0.995 BF-Two para
0.44 aq=0.01,C=0.5,k=04 BF-IHACRES HydroOffice (BFI+) 3
0.44 o= 0.995 BF-BFLOW
0.42 o =0.995 BF-Chapman
0.81 a=10.995, BFmax = 0.8 BF-Eckhardt
0.78 o= 0.005 BF-EWMA
0.61 C1=0.1,C2=0.13,9=0.05d =2 days BF-Furey
0.20 min
0.84 max
0.62 avg
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Table 3- Used variables and BFI values obtained from selected methods of groundwater separation
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0.20 Q90/Q50 FDC 1
0.48 k=0.4 BF-One para
0.60 k=0.4,C =0.995 BF-Two para
8:33 * 0'0:{5 0.9%§ od BgFl-gﬁfngvs HydroOffice (BFI+) 2
0.42 a=0.995 BF-Chapman
0.61 C1=0.1,C2=0.13,9=0.05,d =2 days BF-Furey
0.20 min
0.61 max
0.45 avg
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Figure 9- Base water separation using the algorithms employed in the research
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